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A streptavidin-biotin system was utilized to prepare 
an antibody-polyadenylic acid conjugate which was 
subsequently attached to commercially available mag- 
netic beads, Dynabeads oligo(dT) 2s . Biotinylated poly- 
adenylic acid was combined with streptavidin and the 
resulting polyadenylic acid-streptavidin was conju- 
gated with an antibody-biotin derivative. The immobi- 
lized antibody-polyadenylic acid conjugate was sepa- 
rated from the reaction mixture by hybridization with 
complementary oligonucleotide immobilized on the sur- 
face of Dynabeads oligo(dT) 25 . The immobilized anti- 
body-polyadenylic acid can be released from the car- 
rier, utilizing low-ionic-strength buffers. The system is 
intended to be utilized in cell sorting, using immobilized 
antibodies against cell surface antigens. Dissociation of 
antibody-containing conjugate from magnetic beads is 
essential for the isolation of viable cells via positive cell 

Sorting. © 1992 Academic Press, Inc. 



A number of methods for the immobilization of pro- 
teins to solid supports have been described but most 
involve irreversible immobilization (1,2). Reversible im- 
mobilization of proteins through covalent attachment 
via thioester groups has been reported for coupling to 
inorganic oxide surfaces, glass, and silica (3). Other 
methods utilized attachment via disulfide linkages (4) 
and cleavable thioester bonds (5). Proteins were also 
immobilized on carbodiimide-activated succinylated 
glass beads after treatment with 2-mercaptoacetic acid 
utilizing water-soluble l-ethyl-3-(3-dimethylaminopro- 
pyl)carbodiimide (6). A different type of reversible im- 
mobilization of proteins was accomplished by coupling 
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proteins via arginine residues to a sorbent derivatized 
with 4-(oxoacetyl)phenoxyacetic acid (7,8). Two sys- 
tems for reversible immunosorbents are commercially 
available, the Detachabead system (Dynal, Oslo) and^ 
the Flag system (Immunex, Seattle). The former is 
based on one use of anti-idiotype antibodies, while the 
latter employs metal ions requiring antibody-antigen 
interactions. 

The methods above were based on direct covalent 
coupling of proteins to solid supports. Our concept dealt 
with immobilization via binding complementary polynu- 
cleotides previously attached to both antibody mole- 
cules and magnetic beads. To achieve the primary goal, 
conjugation of polynucleotides with antibodies, several 
methods of coupling were considered. A hydrazone- 
based method has been designed for conjugating polynu- 
cleotides and proteins (9). Carbohydrazide derivatives 
of polynucleotides prepared from their phosphorimida- 
zolide derivatives (10) have been reported to bind alde- 
hyde groups of oxidized protein molecules in high yield, 
but we were not able to obtain good yields using this 
method in our system. Conjugation of antibodies and 
polynucleotides utilizing water-soluble carbodiimide 
(11) was also considered, but the random orientation of 
the coupled polynucleotides and antibodies might steri- 
cally block the antigen binding site of the antibody. 
Other potential methods for the preparation of polynu- 
cleotide-antibody conjugates include conjugation of 5'- 
thiolated oligonucleotides with proteins using 6-malei- 
midohexanoic acid succinimidoester (12) or conjugation 
of polynucleotides with proteins via disulfide bonds 
(13). Kremsky et al (14) have also described a method 
for immobilization of polynucleotides containing alde- 
hyde or carboxylic acid groups to hydrazide derivatives. 

A multilayered system containing antibody-biotin- 
streptavidin-biotin-polynucleotide was eventually de- 
vised, despite its apparent complexity, since the strep- 
tavidin (avidin)-biotin technique has frequently been 
employed successfully (15,16). 
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Polyadenylic acid was biotinylated using biotin- 
ammocaproyl-hydrazide (17) and glutaraldehyde ac- 
cording to the method of Takahashi et al. (18). In con- 
trast to most methods of introduction of biotin into 
nucleic acids (19), this fast and simple method does not 
require expensive and sensitive reagents as is the case 
with enzymatic incorporation of biotin-labeled nucleo- 
tides into nucleotide chains (20) or with labeling with 
pnotobiotin (21). 

Prior to biotinylation IgG was oxidized using sodium 
penodate. The oxidation generated reactive aldehydes 
in the carbohydrate part of immunoglobulin molecule 

tTon SSr^ 6ffeCt ° n 3ntigen bindmg fUnC " 
The IgG was then derivatized using biotin-amino- 
caproy -hydrazide. This reagent produced stable 
biotinylated immunoglobulins which retained full immu- 
nological activity (24) since binding of biotin-aminoca- 
proyl-hydrazide occurs in the oligosaccharide moiety of 
the Fc portion of an oxidized antibody molecule, away 
trom the antigen binding site, and does not affect anti- 
gen binding capacity. The extended spacer arm of bio- 
tm-aminocaproyl-hydrazide reportedly enhances the 
binding of avidin (streptavidin) to the biotinylated anti- 
body by reducing steric hindrance (17). 

Both avidin and streptavidin can serve as a "bridge- 
connecting biotin derivatives of polyadenylic acid and 
anybody molecules. Extraordinarily strong noncova- 
ent binding between biotin and avidin (streptavidin) 
[dissociation constant = l0-» (25)] provides a stable 
conjugate However, there may be steric interactions be- 
tween avidin or streptavidin and a biotinylated antibody 
molecule, since the biotin binding site of avidin is re- 
ported to be 9 A below the protein surface (26) The 
possible structural distortion of avidin and antibody 
molecules can be prevented by using an aminocaproyl 
spscGr. 

Streptavidin has the same biotin binding characteris- 
tics as avidin but has less nonspecific binding due to its 
neutral charge and absence of carbohydrate side chains 
(27). Recently introduced superparamagnetic particles, 
Dynabeads ohgo(dT) 2S , were chosen as the carrier for 
the antibody - [ biotin -streptavidin - biotin J - polyade - 
nylic acid conjugate. Conditions similar to those used 
for purification of poly(A) containing mRNA using 
Dynabeads oligofdT^ (28) were adopted for hybridiza 
tion and dissociation of the conjugate. 



MATERIALS AND METHODS 
Materials 

Streptavidin was purchased from Molecular Probes 
Inc. (Eugene, OR). Biotin-LC-hydrazide (biotin-amino- 
caproyl-hydrazide), avidin, and immobilized protein G 

7rTmr T T u S fJ IOm Pierce Che mical Co. (Rockford, 
IL,). I-Labeled goat anti-mouse IgG (sp act 11 9 M Ci/ 



f g; 0 2 ?pm l and ' 25l - labeled Protein A were obtaine 
oWHTl R ^ ochemical s «rvine, CA). Dynabeac 
ongo(d 1 ) 2S and magnetic particle concentrator MPC-E 

VT l T °uu CtS .° { ° ynal AS (0sl0 > Norw «y) (distrib 
uted by Robb.ns Scientific Corp., Sunnyvale, CA). Oligo 
nucleotide polyfd(A)l „ fr,MA\ 12 *v-y»go 
f™™ dl ■ i v;^'3: 18 lpdlA ^i2-i8J was purchase ( 
from Pharmacia LKB Biotechnology (Piscataway, NJ) 
Goat IgG, polyadenylic acid (5') [poly(A)), oligo(dT) 
cellulose monoclonal anti-protein A, biotin conjugate 
protein A, Ficoll, glutaraldehyde, and all other chemi 
cah were obtained from Sigma Chemical Co. (SfLouis 
i i Centn ™ n 30K miniconcentrators (nominal mo 
ecular weight cutoff 30,000) were products of Amicor 
(Danwers, MA). 

Methods 

Biotinylation of polyadenylic acid. Freshly prepared 
solutions of biotin-LC-hydrazide (5 mg/ml H 2 0, 2 ml) 
and 5% glutaraldehyde (1.2 ml) were added to 1 ml o 
poly(A) solution (2 mg/ml H 2 0). The biotin-LC-hydra- 

Uon a P t° 7 P T 5/1 ( : /w) - Aft6r 10 min Na- 
tion at 37 C, the resulting poiy(A)-biotin was separated 

by standard ethanol/sodium acetate precipitation (29) 
The pellet was dissolved in 0.01 m sodium phosnhate 
buffer/1 m M EDTA, P H 7.5 (buffer B). PoIy^A), 
b.otm was prepared bas.cally in the same way To initi- 
ate precipitation of the oligonucleotide, an ethanolic so- 
lution o. the polymer was cooled to -70°C and 
high-speed centrifugation (27,000* X 20 min) was used 
to collect the resulting precipitate. 

Proration of polyCAJ-biotin-streptaoidin conju- 
gate. Poly(A)-b,otin (1-1.5 mg/ml buffer B) was 
reacted with streptavidin (4-8 mg/ml in buffer B) at 
22 C lor 1 h. Different poly(A)-biotin/streptavidin ra- 
ics m the reaction mixture were employed (1/3, 1/4, 

n»™* ?u W I l' iqUOt ° f each reaction mixture was 
passed through an ol.go(dT)-celIulose column (0.8 X 3 8 

?2?S7^r?!! }u° ~ NaC1/ °- 01 M Na P^Phate/ 
1 mM EDTA pH 7.5 (buffer A). After the column was 
washed w,th the equilibration buffer, the bound 
poly(A)- S treptav,d,n was eluted with low-ionic- 
strength buffer B. Both buffer B eluates and the original 
reaction mixtures were assayed for A S60 and absor- 

Poly[d(A)] l2 . 18 -biotin-streptavidi n conjugates were 

noMHm m K he - S , ame W3y Usin S the ^mum 
poiy|d(A) 12 . 18 -biotin/streptavidin ratio, 1/4 (w/w) 

Biotinylation of antibody. Goat IgG [2 mg/ml in 0 1 

M sodium acetate/0.02% sodium aside, P H 5.5 (labeling 

buffer)] was combined with '^-labeled goat IgG to pro 

vide labeling at approximately 1,200,000 cpm per milli- 



tide poly[d(A), 3 ,.. BSA. bovme serum albumin; IgG-ox, oxidized I e G. 
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gram of IgG. A small amount of residual free l25 r, which 
was found in the commercial 125 I-IgG, was removed by 
diafiltration against the labeling buffer. The resulting 
radiolabeled IgG was oxidized with sodium periodate 
(solid NaIO< added to a final concentration of 20 mM, 
followed by incubation at 22°C, 30 min). Excess sodium 
periodate was eliminated by subsequent treatment with 
ethylene glycol (20 mM final concentration, 10 min). Re- 
sidual periodate and ethylene glycol were removed by 
diafiltration against the labeling buffer (0.1 M Na ace- 
tate/0.02% NaN 3 , pH 5.5). Oxidized IgG (2 mg/ml label- 
ing buffer) was reacted with biotin-LC-hydrazide [5 rag/ 
ml labeling buffer; IgG-ox/biotin-LC-hydrazide = 1/5 
(w/w)] at 22°C for 1 h. The IgG-biotin was separated 
from excess biotin-LC-hydrazide by ultradiafiltration 
against buffer B. 

Preparation of IgG-poly(A) conjugate: Separation us- 
ing Dynabeads oligo(dT) 2S . IgG-biotin (0.5-1.2 mg/ml 
in buffer B) was reacted with poly(A)-streptavidin (0.3- 
0.7 mg/ml buffer B) in 1:1 (w/w) ratio for 1 h at 22°C. 
The resulting IgG-poly(A) conjugate was separated 
from excess IgG-biotin using direct hybridization with 
Dynabeads o!igo(dT) 25 . An aliquot (10-25 /d) of reac- 
tion mixture containing IgG-poly(A) conjugate was 
added to 2-10 mg Dynabeads oligo(dT) 25 previously 
equilibrated with binding buffer (1 M LiCl/0.02 M Tris- 
HC1/2 mM EDTA, pH 7.5). After addition of the binding 
buffer to a total volume of 0.2 ml, hybridization was 
allowed to proceed at 22°C for 10 min, during which the 
suspension was gently mixed several times using a mag- 
net. The beads were separated in MPC-E-1 concentra- 
tor and the solution was removed. The beads were then 
washed repeatedly with 0.2 ml washing buffer (0.15 M 
LiCl/0.01 M Tris-HCl/1 mM EDTA, pH 7.5) and the 
supernatants assayed for radioactivity and absorbance 
A 260 . The bound material was subsequently released us- 
ing elution buffer (2 mM EDTA, pH 7.5) at 22 and 37°C. 
The supernatants were assayed for radioactivity [i.e., 
125 I-IgG-poly(A)] and absorbance at 260 nm [i.e., for 
poly (A), as a part of the conjugate] was determined. The 
total amount of the conjugate and its composition [IgG- 
poly(A) ratio] were calculated from the results. 

In some experiments, Dynabeads oligo(dT) 25 were 
pretreated with 0.5% bovine serum albumin in binding 
buffer for 10 min. Binding of IgG-poly(A) to the beads 
was also carried out in the 0.5% BSA/binding buffer. 

IgG-poiy[d(A)] 12 _ 18 conjugates were prepared and sep- 
arated using the magnetic beads under the same condi- 
tions as IgG-poly(A). 

The capacity of Dynabeads oligo(dT) 25 for the IgG- 
poly(A) conjugate was compared to the previously de- 
termined capacity for free poly(A). Samples of poly(A) 
were hybridized with the beads, excess unbound poly( A) 
was washed off, and the adsorbed poly(A) was eluted 
under the conditions described above. The amount of 



eluted, i.e., reversibly bound, poly (A) was calculated 
from the A 260 of the elute. For reuse, the beads' residual 
IgG-poly(A) was removed by treatment with 0.1 M so- 
dium hydroxide followed by reequilibration with bind- 
ing buffer. 

Dissociation of IgG-poly(A) conjugate from magnetic 
beads in the presence of Ficoll. Ficoll [10% (w/v)] in 
elution buffer was applied to dissociate the IgG-poly(A) 
conjugate from the Dynabeads oligoWTJas under isoos- 
motic cellular conditions. The elution was carried out at 
22 and 37°C. 

Preparation of anti-protein A-poly(A) conjugate: Hy- 
bridization with Dynabeads oligo(dT) 25 . Biotinylated 
anti-protein A antibodies (1.8 mg/ml, 20 fi\) were com- 
bined with poly(A)-streptavidin (0.58 mg/ml in buffer 
B, 20 (A) and reacted at 22°C for 20 min. An aliquot (10 
til) of the reaction mixture and binding buffer (0.19 ml) 
was added to 2 mg of Dynabeads oligo(dT) 25 (equili- 
brated with binding buffer). After 10 min the solution 
was removed using the MPC-E-1 concentrator to sepa- 
rate the beads. After the beads (2X) were washed with 
washing buffer, 125 I-labeled protein A (290,000 cpm/ml; 
1 mg/ml; 4 fx\) was added and the reaction proceeded at 
22°C for 5 min. Excess protein A was removed and the 
protein A-anti-protein A-poly(A) conjugate was subse- 
quently released from the beads by treatment with elu- 
tion buffer at 22°C (3 X 0.2 ml, 1 min) and 37°C (2 X 0.2 
ml, 10 min). 

RESULTS 

Biotinylation of Polyadenylic Acid 

Poly(A)-biotin, prepared according to the method of 
Takahashi et ai (18), was used in preparation of IgG- 
poly(A) conjugates. The biotinylation was easy to exe- 
cute and isolation of the product by salt/ethanol precipi- 
tation was efficient, with a yield of 92-96% of the 
poly (A) (in A 260 units). 

Preparation of Poly(A)-Biotin~Streptavidin 

From the A 260 and A 26Q analysis of the eluted material 
it was shown that the resulting poly(A)-biotin-strepta- 
vidin conjugate contained poly(A) and streptavidin in a 
1:4 (w/w) ratio. If poly(A)-biotin and streptavidin were 
put in the reaction at this ratio, the entire streptavidin 
was incorporated in the resulting poly(A)-biotin-strep- 
tavidin conjugate. 

Biotinylation of Antibody 

The antibody-biotin conjugate was prepared as de- 
scribed above. Mild oxidation of immunoglobulin with 
periodate provided active aldehyde groups in the Fc part 
of IgG which could subsequently be easily condensed 
with biotin-LC-hydrazide (17). The modification was 
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shown not to affect the binding capability of the anti- 
body, which depends mainly on the accessibility of the 
Fab domain for an antigen. 

Note: Prior to oxidation of 125 I-iabeled IgG it was nec- 
essary to remove traces of free l25 I" from the prepara- 
tion; ultrafiltration was found to be a convenient and 
reliable method although some minor losses of radioac- 
tive material apparently resulted from labeled IgG 
sticking to the styrene/acrylonitrile ultrafiltration car- 
tridges. Irreversible binding of l2s I-IgG to the ultrafil- 
tration membranes was not observed. 

Preparation of IgG -Poly (A) Conjugate: Separation 
Using Dynabeads oiigo(dT) 25 

The IgG-poly(A) conjugate was separated directly 
with Dynabeads oligo(dT) 25 from a reaction mixture of 
IgG-biotin and poly(A)-streptavidin [the components 
were in 1:1 (w/w) ratio]. Under the conditions described 
above, excess IgG-biotin was removed from the beads 
and the bound IgG-poly(A) conjugate was eluted at 22 
and 37°C with low-ionic strength elution buffer (2 mM 
EDTA). Of the 79-82% of the IgG-poly(A) conjugate 
that was bound reversibly to the beads, 55-65% IgG- 
poly(A) was easily eluted at 22°C (two to four portions 
of elution buffer, 1-2 min incubation) and another 21- 
24% at 37°C (1 h treatment). About 17-20% of the radio- 
active IgG-poly(A) remained on the beads after elution; 
i.e., part of the conjugate was bound irreversibly (see 
Table 1). This material was removed by subsequent 
treatment with 0.1 M sodium hydroxide. 

The composition of the IgG-poly(A) conjugate was 
determined from radioactivity and A 260 analysis; the 
conjugate consisted of IgG and poly(A) in a 1:3.5-4.1 
(w/w) ratio. 

The capacity of Dynabeads oligo(dT) 25 was 0.69-0.77 
Mg poly(A) [as a part of the IgG-poly(A) conjugate] per 1 
mg beads; this amount was eluted from the beads at 22 
and 37°C. The total amount of reversibly bound IgG- 
poly(A) conjugate was 0.86-0.98 fig per 1 mg beads 
under conditions described above. 

Neither pretreatment of the beads with bovine serum 
albumin nor the presence of BSA in binding buffer af- 
fected the amount of irreversibly bound antibody- 
poly(A) conjugate, which remained at 16-21% of the ma- 
terial bound. 

Washing the beads with 0.1 M sodium hydroxide, 
which was routinely used as a bead regeneration proce- 
dure, did not show any negative effect on subsequent 
binding efficiency or capacity of the beads. 

The IgG-poly[d(A)] l2 . 18 conjugate was also separated 
from the reaction mixture by direct hybridization with 
Dynabeads oligoWT)^ . Despite the weaker interactions 
between shorter polynucleotide sequences, it was not 
possible to dissociate this conjugate under conditions of 
higher ionic strength than that required for IgG- 



TABLE l 

Separation of IgG-poly(A) conjugate Using 
Dynabeads 01igo(dT) M 

Total Control [IgG- 

radioactivity" Total biotin only]* 

(cpm) A 2G0 units (cpm) 

Reaction mixture 6 



applied to beads 


5430* 


0.296 


5910 


Washing buffer 








elution 


3720 6 


0.066 


5900 


Total IgG-poly(A) 


1830 






bound to beads 


(100%) 


n.d. 


20 


Elution buffer 








fractions (22°C) 


1040 






([IgG-poly(A)] 


(57%) 


0.146 




Dynabeads after 








22°C elution 








(remaining 








IgG-poty(A) 


750 






bound) 


(41%) 


n.d. 


10 


Elution buffer 








fractions (37°C) 


410 






(IgG-poly(A)J 


(22%) 


0.058 




Dynabeads 








[residual IgG- 


370 






poly(A) bound] 


(20%) 


n.d. 


10 


Total IgG:poly(A) 


1450 






eluted at 22 and 


(79%) 


0.204 




37°C 


(1-9 MglgC] 


[7.1 Mgpoly(A)l 





IgG:poly(A) (w/w) 
in combined 22 
and 37°C 

eluates' 1:3.7 



Note. Conditions: IgG-biotin (1.2 mg/ml in buffer B) +■ poly(A)- 
streptavidin (0.7 mg/ml in buffer B), I h at 22°C; reaction mixture (25 
Ml) -f 10 mg Dynabeads oligotdT)^ [+0.175 ml of binding buffer]— hy- 
bridization 10 min at 22°C; washing off excess IgG-biotin (with wash- 
ing buffer); elution of IgC-poly(A) conjugate (0.2 ml of elution buffer, 
1 min at 22°C, then 1 h at 37°C). 

a 1 Mg IgG ~~ 780 cpm; 1 A 260 - 0.035 mg poly(A). 

b An approximate threefold excess of IgG-biotin in the reaction 
mixture. 

c The entire 9.0 Mg of IgG-poly(A) conjugate was reversibly bound 
to 10 mg of Dynabeads oligotdT)^; the capacity was 0.9 Mg IgG- 
poly(A)/mg beads. 

d Nonspecific binding of IgG-biotin to Dynabeads oligofdT)^ was 
negligible as shown by the control experiment. 



poly(A). Application of the original low-salt elution 
buffer (2 mM EDTA) was necessary to release the con- 
jugate from the beads. 

Dissociation of IgG-Poly(A) Conjugate from Magnetic 
Beads in the Presence of Ficoll 

Presence of the nonionic high -molecular-weight poly- 
mer Ficoll [10% (w/v) concentration] in the elution 
buffer did not affect significantly the dissociation of the 
IgG-poly(A) complex from Dynabeads oligo(dT) 25 , al- 
though the release of IgG-poly(A) was slower, probablj 
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poly A 

+ biotin-LC-hydrazide 
+ glutaraldehyde 

poly A-biotin 



+ strepiavidin 



poly A-blc:J3-streptavidin 



IgG 



sodium periodate 
oxidation 



IgG-ox. 

+ biolin-LC-hydrazide 

IgG-biotin 



poly A-bioIia-slrepiaviaam-ibaoaia- IgG 
(+ [gG-biotin) 



• Dynabeads 01igo(dT) 25 



Dynabeads Oligo(dT) 2 5-[pofly A-IgG 



t 

IgG-poly A + Dynabeads Oligo(dT) 25 

FIG. 1. Schematic depiction of the preparation of IgG-poly(A) 
conjugate and its hybridization to Dynabeads oligo(dT) 23 



due to the much higher viscosity of the solution. At 22° C 
only 46% of radioactivity [ 125 MgG-poly(A)J was de- 
tected in the eluate (compared to 55-65% in eluates 
without Ficoll) while after treatment at 37°C for 1 h, 
another 35% of the radioactive IgG-poly(A) was eluted, 
giving a total yield 81% of IgG-poly(A) reversibly bound 
to the beads. [The same amount, 79-82% of IgG- 
poly (A), was released without added Ficoll.] 

Preparation of Anti-protein A-Poly(A) Conjugate: 
Hybridization with Dynabeads Oligo(dT) 25 

Approximately 0.5 fig of protein A was bound per 1 mg 
Dynabeads oligo(dT) 25 with the anti-protein A-poly(A) 
conjugate attached. The experiment was to demon- 
strate the ability to use this system, antibody- [bio tin- 
streptavidin-biotin]-poly(A) ~ magnetic beads, to iso- 
late bio molecules (Fig. 2). 

To demonstrate the reversibility of the binding of 
complementary nucleotide-labeled biomolecules on 
olionucleotide beads, we prepared streptavidin-poly(A) 
conjugates. These were mixed with a solution contain- 
ing biotinylated antibody against protein A, forming a 
streptavidin-labeled antibody complex. This was then 
mixed with Dynabeads oligo(dT) 25 , whereupon the anti- 
body was quantitatively removed from the solution. 



This was then contacted with 125 I-labeled protein A, and 
finally the entire complex was dissociated by elution 
with a low-ionic-strength buffer with an 80% efficiency, 
and 0.5 fig of protein A could be bound to 1 mg Dyna- 
beads oligo(dT) 25 coupled to the anti -protein-poly (A) 
conjugate. 

DISCUSSION 

Biotin-aminocaproyl-hydrazide was used in biotiny- 
lation of both antibody (by direct condensation with al- 
dehyde groups in the Fc part of the molecule) and poly- 
adenylic acid [via glutaraldehyde, by the Takahashi 
method (9)]. The introduction of the aminocaproyl 
spacer is considered to be very important for the stabil- 
ity of the whole complex with streptavidin, mostly due 
to reduction of steric hindrance (17). The antibody- 
poly nucleotide conjugate was prepared from IgG-biotin 
and poly(A)-streptavidin and the product was sepa- 
rated from the reaction mixture via direct hybridization 
with Dynabeads oligo(dT) 25 (Fig. 1). The antibody-poly- 
nucleotide conjugate was released from the beads in a 
good yield; 80% of the IgG-poly(A) bound to the beads 
was eluted at low ionic strength at 22 and 37°C (approxi- 
mately 20% of the product was lost due to a kind of 
irreversible binding to the magnetic carrier). The 



Anti-Protein A-biotin 



AAA A 

strcptavidin-poly A 



TTT T \& 

Dynabeads OUgo(dT) 25 




Protfin A (I 1 "] 



Protein A- A nti -Protein A-poly A 

FIG. 2. Schematic depiction of the preparation of anti-protein A- 
poly (A) conjugate and its hybridization to Dynabeads oligo^T)^ 
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amount of reversibly bound IgG-poly(A) conjugate 
seems to be very reasonable compared to other revers- 
ible immobilizations which give as low as a 15% yield of 
released protein (6). 

For the isolation of larger biological entities, particu- 
larly those present in low concentrations, it would be 
very useful to minimize the approximately 20% irrevers- 
ible binding. We tried, therefore, to increase the yield by 
introducing a oligonucleotide with a shorter chain in the 
IgG-poly(A) conjugate; however, replacement of 
poly(A) (ca. 300 nucleotides) by the shorter oligonucleo- 
tide, poly[d(A)], 2 _is, did not increase the dissociation of 
the IgG-poly[d(A)] 

12-ia conjugate from the magnetic 
beads and elution could only be completed under low- 
ionic-strength conditions (2 mM EDTA) with the same 
yield. 

These low salt conditions would not allow isolation of 
most biological systems, e.g., viable cells, without seri- 
ous damage to their biological structure and function. 
Therefore the nonionic polymer, Ficoll, was used to 
create isoosmotic conditions for gentle separation of via- 
ble cells isolated using antibodies attached to a specific 
antibody-poly(A) — magnetic beads complex. Dissocia- 
tion of the IgG-poly(A) conjugate from the Dynabeads 
oligotdT)^ using 10% Ficoll/2 mM EDTA, pH 7.5, was 
easily accomplished at 22 and 37°C. We conclude that 
Ficoll or similar oligosaccharide polymers could be em- 
ployed to create the isoosmotic conditions necessary for 
isolation of intact eukaryotic cells and other systems. 

We have demonstrated the usefulness of the system 
by preparation of anti-protein A-poly(A) conjugate 
bound to the magnetic beads; after specific attachment 
of protein A, the whole complex, protein A-specific anti- 
protein A antibody-poly(A), was successfully released 
from the carrier. Isolation of more complex biological 
systems could be carried out in a similar way. 



CONCLUSION 

It has been shown that reversible immobilization of 
antibodies on magnetic beads can be accomplished us- 
.ing polynucleotides bound in a complementary fashion 
to both the antibody molecules and the beads as a cleav- 
able spacer arm. We used commercially available Dyna- 
beads oligo(dT)25 and the antibody was conjugated with 
a polynucleotide via streptavidin-biotin linkage. We be- 
lieve that the reversible binding procedure described 
here can be used for isolation of different kinds of frag- 
ile biological systems such as viruses and viable cells 
from cell cultures, bone marrow, the peripheral blood 
stream, or membranes. 



One particularly interesting potentiality is the isola- 
tion of antigen-specific B cells employing reversibly im- 
mobilized antigen. 
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